Purpose: Central serous chorioretinopathy (CSCR) is a common retinopathy that is often observed until resolution. The purpose of this study is to evaluate the effects of topical nonsteroidal anti-inflammatory drugs (NSAIDs) on timing of CSCR recovery. Methods: An IRB-approved retrospective review was conducted on patients that had been diagnosed with a new-onset, symptomatic case of CSCR. Patients were either observed only (13 untreated eyes) or treated with topical bromfenac or nepafenac (14 eyes) over an average of about a 4-5 week follow-up period. Results: There was no statistical significance between central macular thickness (CMT) and visual acuity of treatment and control groups at the initial presentation. However, at the follow-up visit, CMT reductions in the treatment group were significantly higher than in the control group (p<0.006). Conclusion: Use of topical NSAIDs in the treatment of acute CSCR leads to a faster rate of reduction in the subretinal fluid volume over a follow-up period of a few weeks.
Introduction
Central serous chorioretinopathy (CSCR) is a common retinopathy that is characterized by spontaneous serous detachment of the neurosensory retina in the macular region. Visual symptoms in patients with CSCR are often related to the localization of serous retinal detachment in the macular area, presenting with blurred vision, relative central scotoma, metamorphopsia, and reduced contrast sensitivity. This condition appears to affect males more often than females, and perhaps more so in mid-life. 1, 2 The precise etiology of CSCR is unknown but it is suggested that this disease may develop due to increased permeability of choroidal vessels with subsequent increased tissue hydrostatic pressure that overcomes the RPE barrier function and lead to the accumulation of subretinal fluids. 3 Another possible explanation is that excess steroid use or endogenous cortisol production may lead to impaired RPE function, choroidal vascular autoregulation, hypercoagulability and augmented platelet aggregation. Indeed, risk factors to CSCR include steroid use, conditions that are associated with increased cortisol production (i.e., pregnancy and Cushing's disease), type A personality, psychological stress, hypertension, and coagulation disorders. 4, 5 Most cases of CSCR are self-limiting and regress spontaneously within 3-4 months. Therefore, observation with or without the removal of risk factors is one of the mainstays of therapy for acute CSCR. However, chronic cases pose a risk of progressive vision loss and thus, different treatment options such as photodynamic therapy (PDT), micro-pulse laser, intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) agents, and systemic anti-corticosteroid medications have been used. However, these treatments can have unwanted complications, while their effectiveness in the treatment of CSCR show either controversial or low-quality evidence of improvement. [6] [7] [8] [9] Therefore, it is not surprising that there is not yet a solid identified mainstay of therapy for CSCR. For this study we propose to test the effectiveness of topical NSAIDs in the treatment of CSCR as a safe alternative to current treatment options.
Methods
The study received IRB approval by the University Health System (San Antonio, Texas; UHS) and Medical Center Ophthalmology Associates (San Antonio, Texas; MCOA). Patient consent was not required given the retrospective nature of the study and the information collected had no effect on patients' treatment or plan of care. All stages of the study were conducted in accordance with the principles set forth by the Declaration of Helsinki. This IRB-approved retrospective review was conducted on patients that were diagnosed with a new case of CSCR. Inclusion criteria included: 1) presence of subretinal fluid under the fovea as seen on OCT; 2) no prior treatment; and 3) diagnosis of acute CSCR as first presentation to the eye clinic with visual symptoms of less than 3 months duration. Exclusion criteria included: 1) the presence of choroidal neovascular membranes or ocular disorders other than CSCR that could affect the macula or the posterior retina; 2) initiation of a treatment other than topical NSAIDs; and 3) a follow-up period of more than 7 weeks since the initial visit. Patients were divided into control (observation only) and treatment groups, who were treated 4-times a day with topical NSAIDs eye drops. Topical formulations included Nevanac (nepafenac ophthalmic, 0.1%), Ilevro (nepafenac ophthalmic, 0.3%), and Xibrom (bromfenac ophthalmic, 0.09%). Data were collected retrospectively from 2009 to 2018 from a total of 6 medical centers, 2 of which were affiliated with UHS and the other 4 were affiliated with MCOA . Investigators at MCOA treated their CSCR patients with topical NSAIDs, while patients at UHS centers were observed. The primary outcomes include changes in the visual acuity score, 10 central macular thickness (CMT), and volume of subretinal fluid before and after therapy or observation. CMT values were obtained from Cirrus or Heidelberg OCT machines in-built software that were available at MCOA and UHS, respectively. This comparison became possible with an earlier study that has demonstrated central thickness difference of only 2.78 μm between these two machines, the value for which was statistically nonsignificant. 11 Volume analysis of the OCT scans were performed using the ImageJ software manual method, where areas of subretinal fluid or the maximal height of subretinal fluid was manually drawn and the number of pixels analyzed. For all comparisons, the investigators were blinded to the treatment or control labels. The data were graphed using Microsoft Excel and was analyzed for their statistical significance using the Excel Student's ttest.
Results
Clinical charts from 27 patients/eyes with CSCR were reviewed, with 14 eyes being treated with topical NSAIDs and 13 eyes observed. The mean age was 49.4 and 44.4 years for the control and treatment groups, respectively (p=0.14). OCT was obtained at the initial presentation and in the follow-up period, which was on average between 4 and 5 weeks. There was no statistical significance between CMT and visual acuity of treatment and control groups at the initial presentation (Figure 1 ). At the follow-up visit, patients in the control group were skewed toward having no improvement in the subretinal fluid volume, versus patients in the treatment group, the majority of whom had up to full resolution of the subretinal fluid ( Figure 2 ). CMT reductions in the control and treatment groups were 43.5 µm and 196.2 µm, respectively (p<0.006). Likewise, percentage reductions of subretinal fluid volume were 11.1% and 64.3% in the control and treatment groups, respectively (p<0.02) (Figure 3 ). There was no statistical significance (p-value=0.067) in visual acuity letter gain for the control (0.69 letters) and treatment (5.2 letters) groups (Figure 4) . Details regarding patient's age, sex, initial date of follow up, and CMT values at initial and follow-up visits are illustrated in Table 1 .
Discussion
Although the natural history of CSCR has a favorable prognosis, potential anatomical and functional loss complications observed with chronic or recurrent acute cases further highlight the need for a safe and early effective treatment. There are different therapeutic approaches that are used for CSCR and yet, the potential use of NSAIDs in the treatment of CSCR has been largely neglected. NSAID eye drops are the mainstay of therapy for post-operative cystoid macular edema (CME) but there are only a few non-randomized studies that show the effectiveness of this medication in the treatment of CSCR. 12, 13 Post-operative CME is largely attributed to increased production of prostaglandins and thus, NSAIDs are routinely used in post-operative patients to inhibit cyclooxygenase (COX-1 and COX-2) enzymes with subsequent reduced production of prostaglandins and their downstream inflammatory effects.
14 There are case reports related to the development of CSCR following the use of latanoprost eye drops, suggesting that prostaglandin may also play a role in the development of CSCR. 15, 16 In one study, CSCR patients that were treated with topical nepafenac showed a rapid improvement in best corrected visual acuity (BCVA) and CMT compared to the observation group. 12 Another study also shows that 107 patients that were treated with oral aspirin (100 mg daily for the first month, then 100 mg every other day for the next 5 months) demonstrated faster visual recovery with reduced rates of CSCR recurrence compared to the control group. This latter study suggested that the beneficial effects of oral aspirin may be attributed to increased plasminogen activator inhibitor 1 (PAI-1) in CSCR patients. 17 Finally,
NSAIDs like indomethacin are shown to reduce serum and urinary concentration of aldosterone, 18, 19 suggesting that topical NSAIDs may also cover CSCR-protecting mechanisms previously observed with systemic spironolactone and eplerenone therapy. 20, 21 Therefore, considering NSAIDs' protective effects against CSCR, perhaps through reduced production of prostaglandins, reduced secretion of aldosterone, and/or their anticoagulation effects, topical NSAIDs appear as an effective and safe treatment option for this form of retinopathy.
Our results support the fact that patients treated with topical NSAIDs had a significantly faster resolution of subretinal fluid. The limitations of our study, however, include a relatively small sample size (n=27). Indeed, while there was a large difference in visual acuity gain between the treatment and control groups, the difference is not statistically significant owing to a small sample size. Furthermore, considering that patients with CSCR are often type A personality, it is possible that the placebo effects of starting topical eye drops may also contribute to faster resolution of subretinal fluid. Therefore, future studies are directed into repeating these findings with a larger sample size in addition to applying artificial tears as a placebo in the control group. Moreover, patients need longer follow-up periods to determine whether topical NSAIDs may be also beneficial in reducing the recurrence rate of CSCR. Finally, the amount of drug penetration into ocular tissues can vary for different formulations 22, 23 and thus, it would be worthwhile to compare the effectiveness of different NSAIDs in the treatment of CSCR.
Conclusion
The results of our study demonstrate that topical bromfenac and nepafenac are effective means of mediating a quick resolution of subretinal fluid in patients with acute-onset CSCR.
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